We investigate the public preference heterogeneity of planting genetically improved 24 poplar tree on public land for biofuel production in Western Canada. Using a sample of 25 the public from British Columbia, Alberta, Saskatchewan, and Manitoba, respondents 26 were asked to vote in a series of hypothetical referenda comparing the new proposed 27 forest policies to the current policy (base scenario). Proposed policies varied based on The forest industry is important to Canada making significant contributions to 47 D r a f t growing locally. In British Columbia, Alberta, Saskatchewan, and Manitoba harvesting 67 seeds and planting them on public land is rigorously controlled; provincial criteria only 68 authorize the use of native species in which seeds are chosen from neighbouring areas 69 (Johnston et al. 2012; Natural Resources Canada, 2012) 3 . While it is possible to plant 70 non-native trees on private land, many economic and social factors deter the 71 development of plantations of non-native trees on private land. Perhaps the most 72 important factor is that private lands are costlier to acquire and manage than public 73 lands in Canada, making exotic tree plantations on private lands financially infeasible 74 (Anderson et al. 2007 ).
75
Reforming policies that prohibit planting of exotic trees on public forest lands to
76
give feedstock for biofuels may enhance the profitability of Canada's forest sector.
77
Such reformation would need an understanding of the degree of public support for the 78 public land policy change as well as support for the development of the biofuel 79 industry. However, extant empirical studies which aim at measuring public preferences
80
for the application of biotechnology in forestry give mixed findings. Some of the 81 studies show that citizens are against the use of technology; while others uncover 82 support or neutrality. Kazana et al. (2016) show that the advocates of the applications of 83 biotechnology in forestry argue that this technology has various benefits; such as it 84 increases forest tree productivity through, for example, accelerating tree growth, it 85 restores contaminated soils, and it lowers the demand of pesticides. The authors also 86 reveal that opponents of the application of biotechnology in forestry argue that this 87 technology has various risks to the forest sector; for example, it potentially reduces 88 3 Rayner et al. (2013) Further, Lucht (2015) argues that environmental NGOs promote protests about 93 genetically modified products, particularly GM foods, by sending "gene detectives" 94 into supermarkets to look for GM labels, and then put strong pressure on shops to 95 immediately remove these legal, authorized and correctly labeled products. Similarly,
96
Kaiser (2001) Jessica and Cheng (2011) argue that understanding public value orientations, attitudes and preferences towards national forests is of critical importance for the development and implementation of effective forest policies. 6 Rollins et al. (2015) argue that individuals are more concerned about the application of genetic modification in food or health due to the presence of private health concerns associated with food or medicine purchase decisions, as the products are to be ingested by humans.
based on a large survey of individuals, Zechendorf (1994) documents that knowledge 129 about genetic modification increases the acceptance of biotechnology.
130
The work of Wunderlich and Gatto (2015) and current tree breeding methods or a vote for a new policy option which allowed the 206 planting of exotic trees on public land using more sophisticated breeding technologies.
207
The referenda were followed with some follow-up questions and the collection of 208 demographic information.
209
The hypothetical referenda involved six proposed policy alternatives, each of 210 which was driven by two main attributes which were the tree breeding method 211 employed, and whether poplars would be used for biofuel production. The breeding the referendum for both current and the new proposed policies.
234
Current commercial forest land-use was calculated for each province using a confounding the area to be planted with genetically improved poplars using different 251 tree breeding methods.
252
Insert Figure 1 
253
The Expert opinion on tree growth rates and economic impacts, forest industry 11 SPSS software is highly efficient to conduct two-step clustering procedures (Bacher et al. 2004 ).
12 Stern et al. (1995) conclude that the NEP scale measures generalised beliefs about the nature of humanenvironment interactions which include individuals' valuations and attitudes about specific environmental conditions. utility compared to other policy alternatives. Therefore, the probability of choosing an 329 alternative policy increases as the utility associated with them increases (Burton et al. (1)
337
Where; ‫ܥ‬ = 1 if ܷ > 0 and ‫ܥ‬ = 0 otherwise. ܲ is a vector of policy 338 attributes associated with alternatives, ܽ and ߠ ᇱ are estimated coefficients, and ‫ݒ‬ is 339 mean-zero, and normally distributed error term. The parameters in equation (1) clusters (Huber 1967; White 1980) .
345

Findings and Discussion
346
D r a f t and 30 minutes to complete the survey.
358
Insert Table 1 359
The overall quality of our clustering procedure falls in the good range. 14 Further, ܽሺ݅ሻ be the average dissimilarity of observation ݅ in one cluster and ܿሺ݅ሻ be the lowest 366 average dissimilarity of observation ݅ to any other cluster, of which ݅ is not a member.
367
14 The two-step clustering technique provides three ranges (poor, fair and good) to measure the overall quality of the clustering process.
The cluster with this lowest average dissimilarity is said to be the neighbouring cluster 368 of ݅ because it is the next best fit cluster for this observation. Hence, the silhouette of 369 observation ݅, ‫ݏ‬ሺ݅ሻ, can be defined as:
371
This can also be written as:
373
From equations (2) and (3), it is possible to conclude that −1 ≤ ‫ݏ‬ሺ݅ሻ ≤ 1. When
374
‫ݏ‬ሺ݅ሻ is close to 1, observation ݅ is well matched to a given cluster; which in turn shows We labelled each cluster based on characteristics of respondents in each cluster; 382 this consisted of the mean values of the clustering factors (see Table 3 ) and the relative 383 percentage of members voting for new policies (see Table 4 ). is important to note that in Figure 3 the NEP score, knowledge of forest operations and 412 biotechnology seem to be the highest mean value in the formation of all clusters.
413
The main reason is that the NEP has 15 questions which are scaled in a five- 
421
Insert Table 3 422
In Table 3 we present the exact values of each clustering factor in all clusters.
423 Table 4 shows the demographic variables in each cluster. In all clusters, the number of 424 females is higher than the number of males. The Challengers cluster has the highest 425 percentage of respondents whose age is between 35 and 64.
426
Insert Table 4 427 D r a f t
In and have identical preferences for DNA breeding methods (nearly 50%).
436
Insert Table 5 437
Environmentalists are in favour of the newly proposed policy alternative if suggests trust in scientists significantly increases the acceptance of biotechnology.
504
Around 37% of members of Supporters' cluster are from Saskatchewan. of biotechnology in forestry (Hamstra, 1998) . without biofuel production. Table 6 provides parameter estimates of the models, and 522 Table 7 shows the associated marginal effects of changes in the variables relative to a 523 base scenario in each cluster.
524
Insert Table 6 525
The marginal effect of DNA breeding shows that the probability of voting for
526
DNA breeding by Environmentalists declines by 3.2% relative to the base scenario.
527
Employing GM technologies seems less impactful, as the marginal effect associated 528 with this policy alternative is -1.6%. However, if any new policy employing 529 biotechnology is used to produce biofuels, the probability of voting for this new policy 530 increases by 32.4%. production is not a part of the policy (see Table 7 ). Thus, the use of poplar as a biofuel 
531
Notes:
* & ** denote statistical significant at the 5% and 10% levels respectively. ┼ denotes traditional breeding without biofuel production is considered as the base scenario. All values are given in %.
